but can wait) and nonurgent (attention required but not time critical). Treatment acuities for these categories are immediate for life-threatening, w within 10 minutes for emergent, within 30 minutes for urgent, and delay or refer to the outpatient department (OPD) for nonurgent. These triage categories are not only used for clinical assessment but also used for payment of insurance premiums.
It is necessary to evaluate a triage system to demonstrate that its use is clinically beneficial and cost-effective. 3 Recent studies indicate that a 5-L triage system provides greater discrimination, better reliability, and improved sensitivity and specificity than a 3-L triage system. 8, 10, 11 The Emergency Severity Index (ESI) is a prospectively developed 5-L triage instrument that has been validated and shown to be reliable for ED triage prioritization. [12] [13] [14] [15] [16] ESI 1 and 2 patients are considered to be patients who cannot wait at triage. ESI 1 patients are apneic, intubated or unresponsive. ESI 2 patients have high-risk conditions with confused, lethargic, or disoriented state, or in severe pain/ distress. Patients with ESI 3-5 are considered potentially able to wait, unless they begin to manifest v vital sign abnormalities that would move them up a category. There is no distinction of how long patients in each level could/should wait. Once the level classification is assigned, patients may then be further ordered in terms of the type and quantity of how many resources they will require in their ED care. Studies of ESI have demonstrated its v value for predicting ED resource use, hospitalization rates, location of admission and also 6-month survival. [12] [13] [14] [15] [16] The Taiwan Triage System (TTS) is based on concise set criteria for major complaints or conditions. Objective data including some vital and clinical signs are used for some criteria. There are 24 criteria for level 1 (life-threatening), 15 for level 2 (emergent) and nine for level 3 (urgent). Pediatric patients are triaged with some modifications. Previous studies indicated lack of nursephysician agreement on the current Taiwan triage categorization. 17 The level of interobserver agreement was not consistent across all illness categories. Seniority of staff members also affected triage classification. 18 Although the TTS was designed to be a 4-L system, the criteria of level 4 were based on exclusion, with patients in level 4 advised to visit the OPD. According to NHI regulations, level 4 patients should also pay higher ED t fees. In practice, however, patients are almost g always classified as levels 1-3, effectively resulting in a 3-L triage system in daily practice, even if a patient's condition is neither urgent nor emergent.
The importance of accurate triage is becoming more apparent as ED patient volumes iny crease, and NHI resources become increasingly constrained. However, very few attempts have been made to predict admissions, resource utilization and management of flow using the Taiwan triage criteria. As EDs face challenges g including increasing patient volume, increasing number of patients with active conditions and t enormous pressure to control costs, development of a triage system that accurately meets these objectives is imperative. 4 This study compared the ability of the TTS and ESI, a well-evaluated triage tool, to predict ED resource utilization.
Methods

Study design and population
This prospective, cross-sectional study was conducted from April 1, 2001 to June 28, 2001 at an urban university teaching hospital with an any nual volume of 58,000 visits. The ED at the study hospital is divided into three components: geny eral adult, pediatrics and trauma. This study included only general adult and trauma patients, and was performed in accordance with the hospital's institutional review board requirements.
Study protocol
y All patients arriving in the ED were triaged by nurses using both TTS and ESI criteria. Triage nurses completed a data form for each patient triaged durt ing the study period. The triage nurses had at least 2 years of experience in the ED and were judged by the authors to have the ability to accurately prioritize care requirements and assign patients to appropriate areas. They were given a two-page table that contained the checklists of statements used for both the ESI and TTS, and were asked to assign a T TTS level based on the information in the sheet. In addition, the triage nurses also recorded whether the patient's condition or complaints were identical or very similar to the descriptions listed in the TTS. V Vital signs including temperature, blood pressure, pulse rate, respiratory rate, Glasgow Coma Scale and oxygen saturation were also recorded.
In this study, the ESI algorithm version 2 was transformed into a specific statement checklist rather than appearing to triage nurses in algorithm format. The triage nurse marked each statement as "yes" or "no" according to the patients' conditions. T The following items were included in the checklist: Intubated/apneic/pulseless? Unresponsive? Highrisk situation? Confused/lethargic/disoriented? Severe pain/distress? How many different resources (lab, X-ray, injection, procedure, consultation) are required? (none, one, two or more); heart rate > 100; respiratory rate > 20; SaO 2 < 92%.
As use of a 5-L triage system is not routine practice in Taiwan EDs, there was concern that using a full triage "algorithm" would affect the triage nurses' interpretation of the TTS triage level. T Therefore, the ESI level was not calculated by the triage staff but was independently assessed by one of our researchers. Thus, the nurses did not use ESI as a triage or judgment or reference tool for further management. Patients were managed according to the level of acuity of their conditions as defined by the TTS. Age, sex, disease type (trauma vs. nontrauma), length of stay (LOS, in hours) and characteristics of hospitalization (admission, discharge, transfer, against advice discharge, death, sneak away, observation with LOS > 24 hours) were determined from hospital computerized registration records. As the nurses could not always complete the forms due to the high patient loads in the ED, there were occasions when patient enrollment was not possible.
Statistical analysis
Data were analyzed using triage level as the independent variable. Descriptive statistics for hospitalization variables were analyzed. Patients who left the ED against medical advice (including discharge due to critical condition), or who were transferred to another hospital, or were discharged from the ED after LOS > r 24 hours for observation, and/or died in the ED were considf ered as hospitalized patients. One-way analysis of variance (ANOVA) was used to determine mean differences among patients grouped by two triage criteria for LOS in the ED. Post hoc comparisons were conducted using Scheffe's post hoc tests. The χ 2 test was used to analyze triage levels in trauma and nontrauma settings. All data were entered into Microsoft Access 2000 database (Microsoft, Redmond, WA, USA). Data were analyzed using values presented as mean ± SD. A p value < 0.05 was considered to be statistically significant. All other analyses were performed with SPSS version 10.0 (SPSS Inc, Chicago, IL, USA).
Results
In total, 11,293 adult patients were treated in the ED during the study period, of which 3172 (28.8%) had available ESI and TTS scores. g Although this study was not conducted using g consecutive sampling because of scheduling t limitations and difficulties due to high patient y loads, the admission rate was proportionally represented. The basic characteristics of the 3172 patients comprising the study sample are shown in Table 1 . The admission rate (to general wards or intensive care units) of the study sample was 23.1% compared to 21.9% for all ED patients admitted during the study period. The overall distribution of ED patients in levels 1, 2, 3 and 4 was 5.2%, 44.5%, 50.2% and 0.001%, respectively. LOS more than 48 hours was 4.6% in the study sample and 4.0% in the total population.
The distribution of ESI ratings within each category group of the TTS is listed in Overall, 34.2% of patients were hospitalized. The hospitalization rate decreased with triage level (Table 3) , from 96.2% in level 1 to 6.6% in level 5 by ESI triage and from 74.5% in level 1 to 22.2% in level 3 by TTS (χ 2 tests, p < 0.001).
ED LOS was also strongly associated with A triage level. Table 4 shows the results of ANOVA for predicting LOS in the ED. There was a significant difference between ESI and TTS categorizations in mean LOS in the ED (ANOVA, p < 0.001, respectively). Analysis using Scheffe's post hoc tests y revealed that the level 1 group has a significantly longer LOS when TTS was used than in level 2 (adjusted mean difference = 241; 95% confidence interval [ as level 5 (adjusted mean difference = 419; 95% CI, 89-794; p < 0.001).
As shown in Table 5 , the TTS classified 68.8% of trauma patients as life-threatening or emergent (levels 1 and 2), indicating that they should be evaluated by a physician within 10 minutes of arrival or immediately. The TTS classified 48.4% of nontrauma patients as life-threatening/emergent (levels 1 and 2). These results indicated that the T TTS triaged more trauma patients as having highly acute conditions than nontrauma patients (χ 2 test, p < 0.001). However, triage using the ESI resulted in no difference in the percentage of patients with highly acute status between patients with trauma and nontrauma conditions (44.2% vs. 46.6%, p = 0.230). Thus, the ESI provided more accurate prediction of resource utilization regarding LOS, hospitalization and acuity.
Discussion
This study compared the TTS with a well-evaluated triage tool. The results showed that the Taiwan f triage criteria provide less accurate assessment of resource utilization in the ED. The TTS classified g more than two-thirds of trauma patients as having very severe conditions (life-threatening or emergent) requiring physicians to attend to them immediately or within 10 minutes. In contrast, g the ESI classified only 45% of patients as having highly acute conditions. Patients with either level 4 or 5 on the ESI had significantly shorter ED LOS than those with level 3.
The percentages of patients accurately triaged in accordance with TTS requirements were shown to decrease over triage levels. Patients with severe conditions were more usually identified based on clear rules than patients with less severe conditions. Although conditions such as skin infections, ear pain/otitis, upper respiratory infections/sore throat, toothache, simple urinary tract infection/ dysuria, and foreign bodies are common in the ED, such conditions cannot be triaged by the TTS. T Therefore, many conditions were triaged by ruling out existing criteria. The distribution of ESI ratings in this study shows that TTS level 3 is heterogeneous in terms of the conditions categorized and their severities. About one-fourth of TTS level 3 patients classified as having highly severe conditions were undertriaged according to ESI criteria. The mean LOS of TTS level 3 patients in this study was 453 minutes. The mean LOS in levels 4 and 5 was 145 and 151 minutes, respectively. A Although patients with very severe conditions do not necessarily have a longer LOS, the LOS of patients with less severe conditions would be expected to be shorter. Patients in ESI level 1 and TTS level 1 have significantly longer LOS than those in all the other levels. A previous study in a large pubt lic university hospital ED in Taiwan showed that 70% of hospital admissions were delayed. The reasons for delay included more than one subspecialty being involved, unavailable bed, disparity in admission priority between emergency physicians and hospital staff, and patients who could be treated by other alternatives. 19 Patients in ESI level 1 and TTS level 1 having significantly longer LOS in this study is additional evidence of ED overcrowding in this country. y The universal coverage and copayment policy of the NHI system in Taiwan affect triage classification. As lower physician fees apply to level 4 (nonurgent) ED patients, it is common that al t most all patients who receive ED management are categorized as level 3 or above in Taiwan. This might explain the findings of a study that showed that although NHI implementation did not result in a substantial increase in ED volume, the severity of cases as measured by triage nurses increased. 20 The current TTS cannot differentiate between those w who require fewer human and material resources from those who require further evaluation or disposition within the level 3 category. The findings of this study suggest that the 5-L ESI triage system w would have better discrimination ability than the current triage system in Taiwan, thus enabling better resource management and planning. Use of the TTS resulted in trauma patients being assigned higher priority than nontrauma patients in this study, classifying 68.8% of them as requiring physician attention immediately or w within 10 minutes according to the regulations. In contrast, when the ESI was applied, only 44.2% of the trauma patients were defined as having high acuity. The 3-L triage, of course, results in shorter perceived waiting times than the 5-L triage. If waiting times are longer than what patients expect or what is mandated by the regulations, then dissatisfaction is likely to arise. 21 This phenomenon has been illustrated by a recent survey in Southern Taiwan, which showed that 73.4% of ED patients can wait for 5 minutes, 45.9% for 10 minutes, but only 11% can wait for 30 minutes before becoming dissatisfied. 22 The categorization of all ED patients in Taiwan as level 3 or above clearly results in resource misuse, and disregards the existing regulations. Improvement of the triage system is required to make the best use of available resources to achieve the greatest good for the greatest number of patients. Currently, body temperature and systolic blood pressure are the only vital signs used as triage criteria in Taiwan. The vital signs used in the ESI are pulse, respiratory rate and oxygen saturation and, for any child under the age of 3, body temperature. Cooper et al found that postvital signs triage designations better predicted patient ED disposition, especially in the young (≤ 2 years) and elderly (≥ 75 years). 23 Providing physicians with routine triage pulse oximetry measurements resulted t in significant changes in the medical treatment of ED patients. 24 Tachypnea/hypoxia and altered f mental status were independent predictors of death in patients with suspected infection. 25 f As manual and electronic measurements of vital signs at triage appear to be reliable (oxygen saturation, respiratory rate and heart rate) 26 and pulse oximetry is presently an inexpensive technology, these vital signs would seem to be worthwhile screening tools for emergency triage. The addition of more vital signs as criteria in the TTS might improve its ability to predict resource utilization.
Before 1994, widely diverse triage rules and t lack of agreement on how to triage and for what g purpose was viewed as a deterrent to establishing valid case mix comparisons between facilities within and between countries. 27, 28 y At present, only three major scales have an associated research base showing reliability, validity and application beyond just classification, and all are 5-L scales. Both the American College of Emergency Physit cians and Emergency Nurses Association support the adoption of a reliable, valid 5-L triage scale. The quality of patient care would benefit from implementing a standardized ED triage scale and acuity categorization process. 29 There were several important limitations in this study, which should be mentioned. First, we did not include pediatric patients. Studies have shown that the level of agreement between nurses applying the triage scale to pediatric presentations was only moderate to poor and appears to be lower than the consistency with which it is applied to adult presentations. 30, 31 Pediatric triage in the ED confronts different developmental and physiologic variations that make communication, assessment and identification of serious illnesses or injury quite different compared with adult triage. Further study of pediatric triage in Taiwan is need t ed. Second, the sample in this study was not recruited on a f strictly consecutive basis because of resource limitations and heavy patient loads. Third, this study was conducted at a single hospital only. Further multicenter study is necessary to improve the quality of data regarding prediction of resource allocation by the available triage system. In addition, test-retest reliability was not performed using the same individual (triage nurses) on different occasions. Finally, the purpose of this study was to evaluate the criteria rather than the algorithm of the ESI in our ED practice. Thus, this study did not assess whether the 5-L ESI triage algorithm is easier to implement, learn and communicate patient acuity, or provides more suitable prioritization of patients than our current triage system.
A validated triage system consistently describes urgency, has high interrater reliability, successfully predicts ED outcome, can measure and track ED workload, can be used for quality assurance, meets medicolegal justification and can be reliably taught to nursing staff. 4 Our results and observations have shown that the ESI provided more accurate triage of patient acuity, ED LOS and hospitalization rate than the TTS. T This finding suggests that there is a need to adopt a standardized 5-L triage tool to improve resource utilization planning in ED practice.
